



















































第 1節 ペニシラミンによる有機 Hg,Hg(l),Pb(a),Cd(tl)
およびNi(l)の放射清定








第 2節 金屑除去率とキレー トの生成定数との相関性 ･




第 1節 耶 除去におよはすキレート剤濃度およびpHの影響




















































































































































































































Table I. Calculations of the Acid Dissociation
Constants of D L- Peni cillamine
( tl = 0.1 (KNOa), t = 2 2 ± 0.1 0 )
O.lNKOH pH (HA) (A- ) (HA)+{ OH"l mrff1filO)X1~ pKa(mt) (A )-{ OH ~
0 5.4 4
0.2 7.16 0.00356 0.00044 8.09 0.9 1 8.0 7
0.4 7.53 0.00313 0.00087 3.60 0.5 6 8.0 9
0.6 7.78 0.00270 0.00130 2.0 8 0.3 2 8.10
0.8 7.98 0.00227 0.00173 1.31 0.12 8.10
1.0 8.17 0.0 0 184 0.00216 0.852 -0.07 8.10
1.2 8.3 7 0.00142 0.0 0 258 0.550 -0.26 8.1 1
1.4 8.6 a 0.00100 0.00300 0.3 3 3 -0.4 8 8.12
1.6 8.88
1.8 9.31
2.0 9.70 0.00345 0.00055 7. 1 6 0.8 5 10.55
2.2 10.0 1 0.00302 0.00098 3.4 9 0.54 10.55
2.4 10.23 0.0 0259 0.0014 1 2.17 0.3 4 10.57
2.6 10.39 0.00216 0.00184 1.48 0.1 7 10.56
2.8 10.52 0.00174 0.00226 1.04 0.0 2 10.54
3.0 10.64 0.00132 0.0 0 268 0.763 -0.12 10.52
3.2 10.75 0.0 0 090 0.00310 0.600 -0.22 10.53
3.4 10.85
pKz=8.09± 0.0 3, pKs = 10.55 ± 0.03
Table ll. Acid Dissociation Constants of Penicillamine and
Its Derivatives
pK1 pKz pKa
Penici 11 ami ne <2.5 8.0 9±0.0 3 10.5 5±0.0 3
S-Methyl peni cill amine <2.5 8.48±0.06
Peni cillamine methyl ester 6.30±0.04 9.1 7±0.0 3





















































pK.2 pR;3 pK123 pKI32 KL
Penicilamine 8.32 8.48 10.31 10.17 1.4


























































生成定数の計算法 :キレー ト化合物の生成定数の計算は, Bjerrum 法に
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Fig.5. Titration Curves of DL-Penicill-
 arnine with Metals; Ligand(4.0×10""re M) to Metal Ratio== 2:1
a:moles oibase
Fig.6. Titrat on Curves of DL--
  Peni･cillamine with Metals ;
 Ligand(4. 0× 10"-' M) to Metal
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Fig.7. Titration Curves of L-Penicill-･
 amiae HYdrochleride with IUfietals;
 Ligand(4.0× 10"3M) to Metal Ratio= 2:1
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Fig.8. Forrnation Curves of
penicillamine with Metals
fi:average number of








































































































































































と推定される0-万,ペ ニ シラミ ンはCd2+,Hg2+,pb2+のような金属イ
オンに対しては,-S~基と-NH2基の他にCOOT基の弱い配位が関与し
た1対 1のキレー トを生成すると考えられるoそしてペニシラミン分子中
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Fig. 19. Titration Curves of
  Chloride
   ligand to rnetal ratio
  (A) : 1.0 : 1.0 (B) : 1.3
   (D) : 1.8 : 1.0 (E}: 2.0

















 R･--S---S--･Rll 12 NHg{' NH3+
R--S･-Cu(I)
NH3+
  R--･S--S--R-!l 1 +2NH,+ NHS
      -37-
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Fig. 26. Potentiometric Titrations
  of Mixed Ligand Chelate Systems
  of Hg2+ and Penicillamine with
  Potassium Hydroxide
  a= moles of ba$e added per mole
     of metal ion
 A : 1:1 H9t+--penicillamine
 B : 1:1:1 penicillamine-H92+-2--
     mercaptoethy1arnine
 C : 1:1:1 penicillamine-HgZ+-rmerca-
     ptoacetic acid
 D: 1:1:1
     amine rnethyi ester
 E: 1:1:1
     aptopropionylglycine
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penicil1ami ne ･- Hg2+ --ct--merc-
penic ill amine-Hg2+-gl utathi one
        a
Fig.27. Potentiometric
  Titrations of IUlixed Ligand
  Chela e Systems of M2+
  and Penicillamine with
  Potassittm Hydroxi de(whe re
  MZ+ == Pb2+ and Cd2+ )
 a=moles of basa added per
    fnole of rnetal ion
 A : 1:1 M3+･--p6nicillamine
 B : 1:1:1 penicillamine-M'+--
     N-acety1penicillamine
 C : 1:1:1 penicillamine-M2+.-
     penicillamine methy1
     ester
 D : 1:1:1 penicill amine-M2+-.
     glutathione


























































































































































































































なる反応が観測された｡これは,Nil+ や Zn叶 の場合には非常に配位子
:金属-2:1のキレートを生成し易いためであろうと考えられる｡事実,
ペニシラミンをはじめペニシラミンメチルエステルやN-アセチルペニシ
ラミンの Niおよび Znキレートの生成定数(TableⅣ参照 )を見てみる
と, A. と k)との間の spreadingfactor(A,/ A,) は極めて小さく,
2対 1キレートが安定で立休的にもつくり易いことを示している.
このようにペニシラミンと2対 1のキレートを生成し易いNi2+や Zn叶




















































































































































Volume of penicillamine, mt
Fig.33 Titration curves of phenyl-
mercuric acetate using sOCo
tracer with 10-5M penicillamine
A:0.50mf of 2.0XlO-5MsoCo stan-
da rd so I uti on; B,C, D: 0.50, 1.00,
1.5OmC of l.OX 10-5 M inact i ve
salll>le solution containing 0.50
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Volume of penicillamine, mt
Fig. 34 Titration curves of phenYl-
mercuric ni trate using sOCo
tracer "N i th 10-5M penicHiamine
A: a.50mt of 2.0X lO-sM sOCo s ta-
ndard solution; B: l.JO.nt of
1.0X lO-sM inc.ctive sample solu-·
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Fig.35 Titration curves of p-
chloromercuric benzoate using
sOCo tracer wi th lO-sM penicil-
I amine
A:O.5Omt of 2.QXlO-sMsoQ> sUndard
solution;B,C: 0.50, l.OOmt of l.OXIO"'"'\1
inactive sampl e solution containing 0.50
mt of sOCo standard solution
Volume of penicillamine, mt
Fi g. 36 Titrat lOn curves of mercuric
phenyl acetate usmg sOCo tracer wi th
10-5 M pepiciHamine
A: O.50mt of 2.0Xl0- 5M SO Co standard
solution; B: 1.00mt of l.OXlO-sM inactive
sample solution containing 0.50mt of










































































































































  O Q5 tO L5 2.0 Z5
     Volume of penicillamine,me
Hg.40 'Ilitration curves of cadrnium
  chloride using 60Co tracer with 10'5M
  pen'icillamine
  A: O.50ine of 2.0×10'-5M 60Co standard
  solution; B : 1.00me of loxlo"5M
  inactive sample solution containing O.50























  O O,  te t5 2.G 2.5
    Vblume of penicillamine, me
Fig.41 Titration curves of nickel
  chloride using 60Co tracer with
  1 e-5M penic i1I amine
  A:05eme of 2.exlo-5M penicm..
  amlne
 A:O.50me of 2.0×loF5M `eco
  standard solution; B,C: O.50,1.0O
 me of 1.0× 10-5M inactive sample  solution containing O.50me of 60(lo
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       e o,s Le Ls zo zs           Volume of penicillamine,me
 42 Titration curves of zinc chloride using 60Co tracerwith
10'5M penicillamine
A:'O.5eme of 2.eX10'5M fiOCo standard solutien ; B: 1.00me
of1.0× 10-'5M inactive sample solution containing O.50me of
60Co standard solution



















































































































































































      sooo l'
  S :gO,:` ,,,/i--'"--5･'6------T
      2ege , iX
                     i aM ..                                 =
         O O,4 OS l.2 L6 2,O
  Molar ratio, (Penicillamine)/(Pheny1mercuric ch1oride)
Fig. 46 imlar ratio method
       (Phenylmercuric chloride) == 1.0× 10-6 M
X Substoichiometric determination of phenylmercuric
   chloride                                                '
     Sample .
Inactive Hg added
     (g × lo-6 )
Standard selution
Active Hg added
 (g× 1o-6 )
  Activity





















Tabie MSubstoichiometricdet rm nation ofmercur1cchloride
    Samp1e
Inactive Hg added
     (gX 1O-fi)
Standard solution
Active Hg added




















































































































































































































































一 a）　　L2 a）　0．6 b）　1．3
Penicmamine86．6 76．3 78．7
N－AcetyIpenicillamine86．4 80．4 82．2
EDTA 7．9 0．5 4．4















一 34．7 36．3 29．1 10．7
Penicmamine 92．8 93．2 60．7 43．9
N－Acetylpenicillamine77．0 85．2 48．5 32．0
EDTA 96．3 97．6 97．7 92．9

















































































































































































































































































































































pH 　　“奄氏@absence　of　　　　・cystelne in　presence　of　　　　ocystelne in　absence　of　　　　●cystelne　　　　　　　噛 in　presence　of　　　　・cystelne
5．8 6．6 57．0 ・a）0．7 a）　86．3
6．9 1．8 75．6 0．4 83．8
92 0 36．2 6．7 45．9






















































































mercaptoaceticacid85．7 90．5 S－methy蓋penici－　　1．711amine 0．1
一9ヨutathione 74．4 81．9 methionine0．5 1．5
α」mercaPtoProPiony　l　glycine　　　59．585．1 　　　　　●bystam　lne 4．2 1．1
me　rcaptoethan（》1 86．4 84．3 　　　rモ凾唐狽撃獅 5．6 0
2，3－d㎞ercaPto－1－ProPand56．4 48．8 DTPA 2．4 6．5
























0 3．5 1．2 0．4
S 2．5 51．0 77．1




























































































































































































































































































































































































































? ? ? ?
? ?? ?



























      O 05 1.0 15 20 25
            1/(Albumin) ,×103M
  Fig.62 Dependence of the rate constants
     albumin concentration. ･
     The rate constant calculated from the
     3.84 × 1O'5 sec-i M'-Z .







    25     //
Kj on the
siop･e-- 1s
    o 1.o 2o 3.o 4n so            (Pen icil 1am !'` ne) ,×1 (J-:MFig,63 Dependence of the rate constants K'i on the
   peni.ci!lamine concentration.
   The rate constant calculated from the slope is 3.75×10"5
   sec'i M'2 ,
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